Lymphocytic thyroiditis was induced in young Wistar rats by feeding them the immunosuppressive compound frentizole [ I-(6-methoxy-2-benzothiazolyl)-3-phenyl urea] for 1 year. About half of the rats given 0.060 and 0.150% frentizole in the diet had lymphocytic thyroiditis. The incidence of thyroiditis was low in the group given the high dose because of severe anemia and hepatic disease which resulted in increased mortality. Reversibility of the thyroid lesion was indicated by reduced incidence rates at 15 and 18 months after treatment was stopped at 1 year. The thyroiditis was characterized by interstitial infiltrates of many lymphocytes and plasma cells and fewer macrophages with mild degenerative changes in the foIlicular epithelium. This inflammatory cell infiltrate was generally diffuse but occasionally was multifocal, particularly in thyroid glands of rats late in the reversibility phase of the study. The inflammatory cell infiltrate caused the thyroid glands to be several times normal size. Sera from rats with lymphocytic thyroiditis contained hemagglutinating antibody against rat thyroglobulin. One rat had a low titer and no thyroid enlargement; all others, however, had perfect correlation between the presence of anti-thyroglobulin antibody and enlarged thyroid glands. Fine granular deposits of IgG and complement were identified in some areas of the follicular basement membrane. We concluded that the lymphocytic thyroiditis was immunologically mediated, at least in part, by anti-thyroglobulin antibody.
Naturally occurring lymphocytic thyroiditis has been reported in the Buffalo strain of rats, purebred Beagle dogs, the Obese strain of chickens, and in man
. Experimental thyroiditis has been described in mice, rats, guinea pigs, rabbits and Rhesus monkeys after administration of a variety of chemical compounds and thyroid extract in Freund's adjuvant [3-6,7, 13, 14, 17,201. Methylcholanthrene, trypan blue and 3-methyl-4-dimethylaminoazobenzene are among the chemical agents that induce lymphocytic thyroiditis [8, 13, 141 . Spontaneous occurrence also has been described after thymectomy and irradiation in Wistar rats [12] . The autoimmune aspects have been studied but many questions remain.
Materials and Methods
Three hundred and sixty Wistar specific pathogen-free Cesarean derived rats (Harlan Industries, Cumberland, Ind.) were separated into groups of 45 males and 45 females and This group included more than a third of the rats because of high death rate.
' Number rats that died/number of rats in group.
assigned to the following regimens: control diet, 0.024%. 0.060% and 0.150% frentizole [ 1-(6methoxy-2-benzothiazolyl)-3-phenyl urea] in the diet. This is about 24, 60 and 150 milligrams frentizole per kilogram body weight, respectively. The rats were 5 to 6 weeks old at the beginning of the trial period. One-third of the rats (about 15/sex/dose) were necropsied after 6 months on treatment; % after I year and % placed on control diet after I year and held another 3 or 6 months to evaluate reversibility. The rats were housed in individual wire hanging cages and had free access to food and water. All rats were examined daily. Rats that died or were killed in a moribund state during the test period were necropsied. The thyroid glands of surviving rats were weighed at necropsy. Gross and microscopic examination of organs and tissues, including all thyroid glands, was done.
Sera from randomly selected control and treated rats were examined for hemagglutinating and precipitating anti-thyroglobulin antibody as described [3] . Frozen thyroid tissue from randomly selected control and treated rats also was examined by immunofluorescent techniques (31 for deposits of IgG and complement.
Results
A 55% incidence of mortality occurred among rats given 0.150% frentizole in the diet. Severe anemia and hepatic disease were the most significant changes. In the other groups (control, 0.024 and 0.060%) the mortality rates were, 5%, 3% and 5%, respectively (table I). Lymphocytic thyroiditis was the major lesion in about half of the rats given the lower doses (table 11) . Frequency of thyroiditis was greater in males than in females (table 11). The incidence of thyroiditis decreased after frentizole was withdrawn from the diet. Number rats with thyroiditis/number of rats in group. This group included more than a third of the rats because of high death rate.
The enlarged thyroid glands were not detected by clinical examination but were easily identified at necropsy. Thyroid weights were significantly increased in treated rats, particularly those given the middle dose. Mean values ranged from 157.9 milligrams in males given the middle dose to 39.1 milligrams in control males (table   111) .
Grossly, the affected thyroid glands were diffusely enlarged and pale tan. The condition was always bilateral. Histologically there were infiltrates of many lymphocytes and plasma cells with fewer macrophages ( fig. 1 ). The changes in the thyroid glands ranged from mild to severe; the most severely affected glands had a diffuse cellular infiltrate.
The follicles and follicular epithelium of the thyroid gland also were affected. Many follicles were small and devoid of colloid while others contained pale colloid material, cells and cellular debris ( fig. 2) . The cells and cellular debris within altered follicles appeared to be both follicular epithelial cells and inflammatory cells. Many small follicles devoid or nearly devoid of colloid were hyperplastic with proliferation of follicular epithelial cells, some of which had undergone degenerative changes ( fig.  2) . Occasionally a pyknotic nucleus and vacuolated cytoplasm were seen in the epithelial cells. There was no apparent morphologic association between cellular infiltrates and degenerative follicular epithelium. In some areas the follicular morphology was unaltered.
The histologic appearance of the thyroid glands of rats after withdrawal of the ' Thyroid weights of 15 rats per sex surviving to the end of these segments of the study.
drug was similar although the glands were less severely affected and the inflammatory infiltrate was distributed in more foci. Sera from rats with lymphocytic thyroiditis contained hemagglutinating antibody against rat thyroglobulin with a near perfect correlation between the presence of antibody and lymphocytic thyroiditis (table IV) . One rat, however, had no gross or microscopic changes of the thyroid glands but had a borderline amount of antibody. Two sera were also positive for precipitating antibody.
A few randomly selected control rats and rats with varying degrees of thyroiditis were examined for immune deposits within the thyroid gland. Fine granular deposits of IgG and complement could be identified by immunofluoresence in some areas of the follicular basement membrane. In one treated rat, staining of fine granular structures also was seen in the cytoplasm of follicular epithelial cells and in plasma cells.
Discussion
Hashimoto's disease in man is the most common form of thyroiditis and accounts for about 3% of all thyroid surgical procedures [ 151. The ratio of females to males is about 30 to 1 and the disease generally occurs in people 35 to 50 years old [ 151. There is also a higher incidence in females than males with lymphocytic thyroiditis [9] . Almost all chickens of the Obese strain have naturally occurring lymphocytic thyroiditis and more than 90% have hypothyroidism [22] . The incidence of lymphocytic thyroiditis in purebred Beagle dogs has been reported to be about 12% [ 111.
About 13% of the Buffalo strain of rat develop spontaneous lymphocytic thyroiditis [18] . When this strain of rat is fed methylcholanthrene the incidence of thyroiditis increases to 42% and when combined with neonatal thymectomy all treated rats develop thyroiditis [ 181. Thyroiditis and autoantibodies to thyroglobulin developed in 60% of randomly bred Wistar rats (a strain with a low natural incidence of thyroiditis) subjected to thymectomy and whole body irradiation [ 121. Reciprocal of highest serum dilution showing complete agglutination of sheep red blood cells sensitized with rat thyroglobulin. All sera preabsorbed with sheep red blood cells to negative titer.
Also positive for precipitating antibody as assayed by Preer test.
In our study lymphocytic thyroiditis occurred in about half of the treated rats and about three times as many males as females were affected. The incidence rate in our frentizole-treated rats is in general agreement with that reported in the literature [S, 12, 141; however, the preponderance of the lesion in males is unlike that previously reported. The reason for this sex difference is not known.
Lymphocytic thyroiditis was induced in rats only when dosing was initiated during immaturity. Previous unreported studies in our laboratory indicate that feeding frentizole to mature rats fails to produce thyroid lesions, and that the rat is the only species susceptible to the induction of lymphocytic thyroiditis by frentizole. Other species in our laboratory exposed to frentizole include the Beagle dog, Rhesus monkey and the ICR mouse.
The reversibility of the thyroiditis after the inducing compound was removed was an important feature of our study. Six months after discontinuation of frentizole in the diet the incidence was only about 20% and the severity of the thyroiditis was greatly reduced. The lesion might have regressed completely had the rats been allowed a longer reversal period.
Other than 3-methylcholanthrene, a potent carcinogenic and immunosuppressive agent, frentizole is the first therapeutic immunosuppressive compound that we know to cause lymphocytic thyroiditis in animals. Although it has been shown that immunosuppression induced with whole body irradiation may cause thyroiditis in rats, irradiation per se was not considered directly to induce the thyroiditis. It was not proven in our study but frentizole may act by depleting suppressor T-lymphocytes more than helper T-lymphocytes and allow for cooperation with the B-lymphocytes with antibody formation and the development of thyroiditis. Others working with the Obese chicken have suggested two possibilities to explain the development of thyroiditis in that species [22] : I) a change of the antigenic constituents of the thyroid gland or, 2) change of the immune system. Our work tends to support the latter, although no work was done to identify altered antigenic constituents of the thyroid glands of our rats.
In the Obese chicken and Buffalo rat genetic factors contribute to the development of immune thyroiditis. Wistar rats used in our study do not commonly develop thyroiditis, and genetic contribution to this thyroiditis is unlikely.
Several classes of immunoglobulins have been identified in sera and associated with thyroiditis in man, animals and birds. Commonly identified immunoglobulins include IgG, IgG2 and IgM [3, 16, 17, 21, 22, 231 . A selective IgA deficiency of chickens also has been associated with autoimmune thyroiditis [lo]. In our study, anti-thyroglobulin antibodies were identified in the sera of rats with lymphocytic thyroiditis and IgG and complement was identified within affected thyroid tissues.
We believe this lymphocytic thyroiditis was a chemically induced autoimmune lesion that occurred more frequently in the male rat and was immunologically mediated, at least in part, by anti-thyroglobulin antibody.
